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ABSTRACT 
The market of building retrofits is increasingly more intensified as existing 
buildings are aging. The building retrofit projects involve existing buildings which 
impose constraints on stakeholders throughout the project process. They are also risky, 
complex, less predictable and difficult to be well planned with on-site waste becoming 
one of the critical issues. Small and Medium Enterprises (SMEs) carry out most of the 
work in retrofit projects as subcontractors, but they often do not have adequate 
resources to deal with the specific technical challenges and project risks related to 
waste. This paper first discusses the requirements of waste management in building 
retrofit projects considering specific project characteristics and work natures, and 
highlights the importance of involving SMEs in waste planning and management 
through an appropriate way. By utilizing semi-structured interviews, this research 
develops a process model for SMEs to be applied in waste management. A 
collaboration scenario is also developed for collaborative waste planning and 
management by SMEs as subcontractors and large companies as main contractors. 
Findings from the paper will promote coordination of project delivery and waste 
management in building retrofit projects, and improve the involvement and 
performance of SMEs in dealing with waste problems. 
INTRODUCTION 
The past decade has witnessed increasing needs for office building retrofit. 
Because many existing stock of office buildings is aging, owners and occupants are 
looking for more energy efficient and environmentally sustainable product [1]. As 
retrofit process produces waste with project progress, the entire waste generation 
process cannot be effectively managed by the existing waste management plans 
(WMPs), which is the waste minimization strategy widely accepted all over the world, 
including Australia, EU, UK, US, Spain, Hong Kong, etc. [2-7]. Building retrofit 
projects follow a dynamic waste production schedule. Any changes or uncertain 
events during the project progress will change waste generation in practice and affect 
the efficacy of waste management measures such as reuse and recycling. The waste 
generation process, which is closely related to the project implementation, has to be 
studied to form a new plan supporting dynamic management. Only through this way, 
more practical waste minimization target can be realized in retrofitting projects. 
Small and Medium Enterprises (SMEs) undertake almost 90% of on-site 
construction work [8] therefore are most qualified to deal with waste generation first 
hand. It is usually the same situation in building retrofit projects, where on-site works 
are usually divided into small subcontracts due to the large project scale [9-11]. The 
active engagement and participation of subcontractors, which are SMEs, will exert 
significant impact on waste minimization and recovery. However, most waste 
management responsibilities are required to be undertaken by main contractors which 
are large companies. SMEs lack the motivation and ability to deal with waste 
management issues on site. It is necessary to promote the current waste management 
system through engaging SMEs in an appropriate way.  
This paper intends to establish a conceptual model to engage SMEs into the 
collaboration with main contractors in waste management plans in building retrofit 
projects. A process model with work flows of waste management planning activities is 
also proposed for SMEs to integrate project work delivery and waste management. 
The results will improve the involvement and performance of SMEs as subcontractors 
in waste management in building retrofit projects, and their collaboration with main 
contractors. 
WASTE MANAGEMENT IN BUILDING RETROFIT PROJECTS 
Retrofit projects involve the removal and replacement of building fixtures [12]. 
There are overlaps between retrofit and demolition/ new build. Waste issues can be 
complicated when the retrofit projects involve both demolition and fit-out processes. 
Retrofit projects involve existing buildings, which impose constraints on the building 
occupants and project stakeholders [13]. Retrofit projects are often risky, complex, 
less predictable, and poorly planned. They need greater coordination compared to new 
build [14-16]. Stakeholders often face greater challenges to waste management in 
building retrofit projects because of their unique project characteristics such as 
partially occupied building [14], limited work space [17], short schedule of site work 
[18], CBD locations [19], and uncertainties during project delivery [20, 21]. 
Waste management is a critical issue for every part of the construction supply 
chain. It needs every project stakeholders to cooperate with each other to achieve 
waste avoidance and minimizations during the project delivery, as they work together 
as a unified team rather than as a disparate collection of separate organizations [22, 23]. 
Currently, large companies are often the main contractors in waste management, 
because of the need to conform with code of conduct and building regulations. 
Actually, large companies usually have recognized and certified environmental 
management systems concerning the potential trade and market advantages. But the 
system is not suitable for SMEs as subcontractors because they have a smaller 
turnover and thus a correspondingly small return on the costs of system establishment 
and certification [24]. SMEs’ acts on work can slip while they operate under main 
contractors. In addition, SMEs often have major problems on limited resources, 
limited knowledge, and limited technical capabilities to deal with their own negative 
environmental impact [25-27]. However, there is a large number of SMEs undertaking 
subcontracting works in building retrofit projects [9-11], indicating SMEs are exposed 
to on-site waste generation. The improvement of their performance will enhance the 
effectiveness of waste management throughout the project. SMEs need to be involved 
for waste management responsibilities through appropriate work process flow and 
collaboration with main contractors. 
RESEARCH METHOD 
This research utilized semi-structured interviews to explore issues of the waste 
management activities in building retrofit projects and identify SME performance in 
dealing with waste. Semi-structured interview is flexible for capturing answers to 
fixed questions and also probing into the responses for more opinions [28]. 15 industry 
practitioners participated in the interviews. The interviewees’ profile is shown in Table 
1. 
TABLE I. INTERVIEWEES’ PROFILE 
Daily job 
Affiliation 
Total Large 
contractor 
Small and medium 
contractor 
Government 
Project manager 2 3  5 
Construction manager 1   1 
Senior sustainability specialist 1   1 
Architect   3 3 
Director of project services   1 1 
General manager  3  3 
Asset manager   1 1 
Total 4 6 5 15 
FINDINGS AND DISCUSSIONS 
A Process Model for SME Waste Management in Building Retrofit Projects 
Interviewees pointed out that the waste management strategies for the dismantling 
and fit-out stage of building retrofit projects are different due to the differences of 
work natures in the two project phases. At the dismantling stage, waste keeps 
generating continuously with the ongoing demolition work. Integrated planning of 
waste generation and dismantling work progress needs to be conducted to organize 
coordinated schedules for waste management and work delivery. At the fit-out stage, 
only a certain percentage of waste is expected to be generated with unnecessary waste 
to be minimized. Factors causing on-site waste need to be identified, monitored and 
controlled during the work progress to realize waste minimization. 
The process model for SME waste management in building retrofit projects needs 
to be developed for waste categorization, quantification and scheduling to facilitate 
integrated management for both project work and waste generation. The establishment 
of the model for the dismantling phase of the project requires information about the 
dismantling work such as work breakdown structure, bill of quantities for materials in 
existing buildings, work schedule, project uncertainty plan, and work resource 
allocation schedule. For the fit-out phase of the project, the model needs to incorporate 
issues including initial waste generation estimation, plan of waste management 
activities, and waste monitor and management. Figure 1 is a graphical representation 
of the model to be applied by SMEs in waste planning and management of building 
retrofit projects. 
 
Figure 1. Process Model for SME Waste Planning and Management in Building Retrofit Projects 
A Collaboration Scenario between SMEs as Subcontractors and Large Main 
Contractors in Waste Planning and Management in Building Retrofit Projects 
It is believed by the interviewees that the value of waste minimization and project 
sustainability is controlled and realized by the collaboration of project stakeholders. 
There is the prospect of SMEs as subcontractors to take up reasonable responsibility 
for on-site waste management to establish a way of collaboration with large 
companies as main contractors. It is possible for SMEs to proactively plan for and 
manage waste generation process, before the traditional waste management plans by 
main contractors come into place. This approach will improve the performance of 
SMEs for on-site waste management and enhance effectiveness of waste management 
system for the construction industry. 
The collaboration between SMEs as subcontractors and large companies as main 
contractors can be based on the appropriate distribution of responsibilities in on-site 
waste planning and management according to the capabilities of the stakeholders and 
the specific characteristics of building retrofit projects, as shown in Figure 2. SMEs 
are supposed to plan for waste generation before project starts, including waste types, 
quantities and time, which are related to their work methods and progression. Large 
companies as main contractors will outline the waste generation flow of the whole 
project based on the plans from each subcontractor. Therefore, they can have an 
overall strategy for waste management and conduct detailed resource allocation and 
activity organization. In the case of unexpected event, differences of waste generation 
data in practice can be obtained and compared with the initial plans from SMEs. Large 
companies could modify waste management issues accordingly. In this way, the scale 
economy of waste handling and management can be achieved. Reuse and recycling 
rates can be set up more practically thus easier to realize. More importantly, SMEs can 
engage and actively participate in on-site waste management in office building retrofit 
projects. 
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Figure 2. Scenario for Collaboration between SMEs and Large Companies in Waste Planning       
and Management in Building Retrofit Projects 
CONCLUSIONS 
Waste management in building retrofit projects is different from that in new build 
and demolition projects as there are more restrictions of time and space for waste 
operation. The performance of waste management can vary significantly depending on 
the level of involvement of SMEs, which involve in most on-site project works and 
waste generation processes. This paper develops a process model with new strategies 
for SME waste management in both dismantling and fit-out phases of building retrofit 
projects. For the dismantling phase of the project, integrated planning of waste 
generation and dismantling work progress is conducted to organize coordinated 
schedules for waste management and work delivery. While at the fit-out phase, factors 
contributing to waste generation on site need to be identified, monitored and controlled 
during the work progress. A collaboration scenario is also proposed for SMEs as 
subcontractors to work with large companies as main contractors in waste planning 
and management. It encourages SMEs to actively plan for and manage waste in line 
with work progress and large companies to identify waste flows and lead the forward 
planning process to manage the generation, minimization and handling of the 
produced waste. Findings from this research will promote the practice of SMEs as 
subcontractors and their collaboration with large main contractors in waste planning 
and management for building retrofit projects. 
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